Recent observations of young volcanism on the near-Earth terrestrial planets require a new understanding. Magmatic/volcanic episodes on Venus, Mars and Mercury, as well as on Earth's Moon, are apparently contemporaneous thermal events that accompanied increased magmatic/volcanic activity on Earth, following a 300-Myr cycle. A collateral galactic thermal source in the Milky Way appears to be needed that would predominantly affect the interior of the planets and, perhaps indirectly, Earth's biosphere, compared to other galactic sources, such as intense cosmic rays or large, rocky bolides. The search for such a source leads to near-Earth supernovae, with their neutrino output, and to the question of whether those neutrinos could act as energy transmitters to heat up the body of Earth, and also enhance its short-term magmatic processes; for example, Cenozoic anorogenic volcanism. This observation challenges present assumptions and paradigms about Earth's history, and requires the following reconsiderations: 1) the real origin of the end-Cretaceous mass extinction; 2) the general radioactive age determinations of rocks; and 3) geodynamic modelling using additional, external heat sources.
Introduction
Heat events in Earth's crust and mantle impact the melting of rocks, with the subsequent magmatism and volcanism enhancing the degassing of Earth's interior, influencing seafloor spreading and plate tectonics, governing the metamorphism of crustal rocks through successive volume reduction and water release [1] [2] , and initiating the development of sedimentary basins with hydrocarbon generation therein. The heat flows in space and time (parabolic partial differential equation), which makes it difficult to define the exact attributes of distinct thermal anomalies. The causes and effects may overlap over a long time span, so that suspected changes in geological, biological and climatological processes do not happen in phase. Since heat transfer within Earth's body may be influenced by asteroid impacts, which may create shock-induced pathways for melting rocks through the crust and mantle [3] , such sudden events may indicate at least a cosmic contribution apart from the intrinsic processes.
However, starting with the global Phanerozoic magmatic cycle as an indication of 300-Myr-long periodic change in the Earth's heat flow, a further cosmic contribution to the thermal history of Earth can be suspected, since this periodicity has a galactic counterpart [4] [5] .
Galactic cycles, caused by the path of the Solar System through the spiral arms of the Milky Way, and long-periodic geodynamic processes, both with durations of 150, 300 and 600 Myr, appear to be in phase. Due to cosmic ray fluctuations affecting cloud formation and the associated albedo of Earth, which has periodically led to glaciations every 150 Myr (Figure 1 ), contemporaneous long-term climate changes are being caused. Sea-level fluctuates with glaciations, and the sizes of shallow seas vary synchronously. This causes periodic changes in the Moon's tidal dissipation, which presumably affects other geodynamic processes on Earth. The Moon may therefore directly or indirectly synchronise long-periodic Phanerozoic cycles (sea level, orogeny, magmatism, sedimentation, etc.) with the solar path through the spiral arms of the Milky Way. As sea-level fluctuations, orogeny, sedimentation and magmatism can be described as the pillars of an intrinsic geodynamic feedback system, no reasons appear to be required to allocate forces outside of the galactic-climatically-synchronised Earth-Moon system as the causes of these observed periodicities.
However, investigations into young volcanism on the near-Earth terrestrial planets require updated consideration. Increased magmatic/volcanic activities on Earth, following a 300-Myr cycle (Figure 2 ), have been accompanied by increased magmatic/volcanic episodes on Venus, Mars and Mercury, as well as on Earth's Moon [6] - [14] , pointing to apparently synchronous planetary thermal events. Therefore, a common galactic thermal source within the spiral arms of the Milky Way appears to be required that would predominantly affect the interiors of these planets without having any recognisable direct effect on the life and geology on Earth. This excludes cosmic rays, due to their limited planetary-body penetration ability. Only neutrinos carry the ability to migrate deep into, Figure 1 . Phanerozoic cycles (~150 Myr) of tropical sea-surface temperatures (red line), shown against greenhouse and glacial epochs and the flux of cosmic radiation (dashed green line, scale inverted), which correlate with the passage of Earth through the spiral arms of the Milky Way. The resulting increase in cosmic ray flux enhanced cloud formation by the generation of condensation nuclei. This led to a temperature decrease. Iron meteorites are regarded to be a medium for the cosmic ray flux signal [5] . Source: [4] . [7] , Mars [8] [9] [10] (sketchy model of the Martian chronology) and Venus [11] (adjusted to absolute time) during the Phanerozoic and Neoproterozoic (about the last 1000 Myr). These planetary events appear to have been contemporaneous episodes that were accompanied by similar, young magmatic activities on Mercury [12] [13] (possibly about 650 Ma) and on Earth's moon [14] ) (possibly about 100 Ma), pointing to an extraplanetary (galactic) cause. This may have been related to the passage of the Solar System through the denser spiral arms Perseus and Scutum-Crux of the Milky Way, with a 300 Myr cycle. Source: [4] . International Journal of Geosciences or through, Earth. Dark matter and dark energy, as optional sources, may gravitationally affect the rotation of stars within galaxies or properties of the expanding universe, but may not be able to govern millions-of-years-long periodic changes in the relatively "tiny" Solar System. Supernova explosions in the spiral arms, the preferred birth and death place for stars in the Milky Way, are one main source of neutrinos, which carry about 98% of the emitted, released gravitational energy. The rest are cosmic rays. Many of the supernovae convert to so-called white dwarfs, whose cooling age and distance from Earth can be convincingly estimated. Larger stars convert into neutron stars or black holes. One large star of interest is certainly the roughly 8 -9-Myr-young supergiant Betelgeuse (which has never left its spiral arm!) in the Orion constellation, at a distance of about 600 light years (184 parsecs [pc]), with a mass about 1000 times larger than our Sun (which has an age of 4600 Myr, and has already performed seven to eight orbits around the rotating Milky Way and passed the four spiral arms in total about 30 times) and a death expected between now and 100,000 years hence. The distribution of near-Solar-System white dwarfs [15] 
Planetary Magmatism
If the 300-Myr cycle of magmatism on Earth refers to a galactic cause, or is at . Global pulses of hotspot volcanism [20] and near-Earth white dwarfs, after [15] . The first white dwarf count at about 3 Ma is related to a supernova, as identified by [28] . Figure 5 . Volcanic pulses in Germany during the last 70 Myr, after [20] , and near-Earth white dwarfs, after [15] .
Even if the optical correlation between the two datasets in Figure 5 
Neutrinos
Neutrinos are currently being intensively discussed in the scientific community (e.g. [22] - [27] ). The bulk of (un)published papers is witness to this activity, and demonstrates the presence of many unanswered questions. For the purpose of this paper, the possible ability of neutrinos to transfer energy to matter within Earth, and the subsequent generation of heat thereby, is the only important issue, in a general sense. All other findings will only be mentioned where necessary.
The wide range of neutrino interactions encompasses coherent scattering, neutrino capture, inverse beta decay, low-energy nuclear interactions, quasi-elastic scattering, resonant pion production, kaon production, deep inelastic scattering and ultra-high-energy interactions [22] . Among these, the low-energy interactions may be the relevant interactions for both supernova and solar neutrinos. Important elements in Earth's crust, mantle and core play a decisive role on the matter side, as counterparts for the approaching low-energy neutrinos, namely, iron, nickel and the radioactive isotopes of uranium, thorium and potassium. In the core, the isotopes 57 Fe and 61 Ni can harvest low energies of 14 keV and 67 keV, respectively, from concentrated neutrino currents, and then convert this to heat [23] . According to [24] , 56 Fe and
208
Pb isotopes may have the ability to capture supernova neutrinos, and can excite the nuclei of the isotopes beyond their neutron-emission thresholds through charged-current and neutral-current interactions. Isotopes of other frequent elements in Earth's crust, mantle and core may interact with neutrinos in similar ways. Emitted neutrons can be used as a signal for a supernova event. However, interacting neutrons may enhance the radioactive decay of uranium, thorium and potassium (e.g. in Earth's crust and mantle), should neutrinos themselves not be able to interact with the nuclei accordingly, and free the stored energy by converting it into heat. In terms of heating up Earth's interior, the question remains as to whether such reactions occur frequently enough; the supernova neutrino flux must repeatedly exceed the general cosmic background flux by a very significant amount. The suggested International Journal of Geosciences enhancement of the radioactive decay rate significantly challenges the paradigm that the natural decay rates of radioactive isotopes are constant. In case this paradigm has to be reconsidered, the current radioactive age determinations of rocks must be reinvestigated.
Supernovae
To guarantee a high flux of neutrinos during the passage of the Solar System through the spiral arms of the Milky Way, a high rate of supernova explosions close to Earth is required. According to [28] , every 2 -4 Myr, a supernova explodes in Earth's local galactic neighbourhood (still in the Orion spur of the Sagittarius-Carina spiral arm), within a distance of about 100 pc (326 light-years). 
Mass Extinctions
Should the enhancement of volcanic activity on Earth be governed by MilkyWay-related cosmic heating sources (presumably supernovae), then there are further topics that will come under intense scientific scrutiny, such as the time- not every impact and volcanic eruption may belong to a supernova-controlled system, but cause and effect between the aforementioned four fundamental activities during the evolution of Earth appear to be tentatively related to each other.
The Universe, with our Milky Way stars, is the master and the geodynamic processes on Earth represent the slaves, in a system-theoretical view. Within
Earth, a subsequent master-slave system of geodynamic cycles [1] has been established as a follow-up at least since Phanerozoic times. The ruling forces coming from space do not support the Gaia hypothesis [36] that Earth and the life on it are effectively controlling their own destiny through intrinsic processes.
Conclusion
Based on the above, it can be concluded that a steady cosmic contribution to the geological evolution of Earth appears obvious, and that the coincidence of near-Earth supernovae with magmatic events and mass extinctions is remarkably high. Should it be supported by other researchers, this observation challenges present assumptions and paradigms about Earth's history and predictable future, and requires the following reconsiderations: 1) the real origin of the end-Cretaceous mass extinction; 2) the general radioactive age determinations of rocks; and 3)
H. 
